troke afflicts ≈1 in 6 people in their lifetime, 1 causing 6.2 million deaths worldwide.
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than has self-reported physical activity. 8 To our knowledge, there has been only 1 large long-term follow-up study assessing the correlation between objectively measured fitness and stroke incidence. In that study, low fitness was associated with a ≈2-fold increase in stroke incidence. 9 However, most subjects were middle-aged (45-60 years), and it remains unclear whether fitness at younger ages may affect long-term stroke incidence.
Aerobic exercise, furthermore, can increase muscle strength, 10 and it has been shown that muscle strength at the age of 18 years has a modest correlation with future cardiovascular events. 11 The study by Timpka et al 11 showed that high muscle strength was independently associated with a 12% risk reduction in the combined outcome of coronary heart disease and stroke incidence, whereas low muscle strength showed no significant associations. However, no independent analysis of stroke incidence was presented.
The aim of our study was therefore to determine whether, independently and in combination, fitness and muscle strength at a young age are associated with long-term risk of stroke. In Sweden, where the study was undertaken, stroke afflicts ≈0.25% to 0.3% of the population each year. 12 About 85% of these strokes are IS, the remainder are mostly hemorrhagic and include intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH). We performed a prospective cohort study of all Swedish men born between 1950 and 1987 who were enlisted for mandatory military service at the age of 18 years, and followed them for at least 5 and ≤42 years. We also assessed incidence of the major stroke types (IS, ICH, and SAH) and stroke fatality.
Methods Study Design, Setting, and Participants
A cohort of 18-year-old Swedish men (n=1 694 179) who enlisted for compulsory military service in 1968 to 2005 (ie, born between 1950 and 1987; Figure 1 ) was compiled from the Swedish Military Service Conscription Register. Exemptions were granted only for incarceration or for severe chronic medical or mental conditions (≈2%-3% each year). At conscription, conscripts whose test data were incomplete were excluded from the analysis (Figure 1 ). Linkage to other registers was performed via personal identification numbers of all Swedes. Further details, which have been published previously, 14, 15 are also given in the online-only Data Supplement.
Ethical Approval
The Ethics Committee of the University of Gothenburg and Confidentiality Clearance at Statistics Sweden approved the study.
Tests of Fitness and Muscle Strength
Fitness was assessed using the cycle ergometric test. The final work level (Wmax) after exhaustion was divided by body weight (Wmax/ kg), which was further transformed into stanine (1-9) scores. Isometric muscle strength was measured by a combination of knee extension, elbow flexion, and hand grip. These 3 measures were weighted and divided into stanines (1) (2) (3) (4) (5) (6) (7) (8) (9) . Further details, published previously, 14, 15 are given in the online-only Data Supplement.
Classification of Stroke
Stroke cases were classified according to the International Classification of Diseases (ICD) codes used in the Hospital Discharge and Cause of Death registers from which diagnoses were retrieved: ICD-Eighth Revision (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) , ICD-Ninth Revision (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) , and ICD-Tenth Revision (1997 until present). The use of these codes for highly sensitive discrimination between the major stroke types (SAH, ICH, and IS) has been validated previously (ICD-9 16 and ICD-10 17 ) in Sweden. We have not found any specific validation of ICD-8 on stroke in a Swedish setting, but as ICD-8 is similar to ICD-9 (as compared with ICD-10, see below), we believe there is good reason to extrapolate the validation of ICD-9 to ICD-8. In our study, all cases of stroke were categorized as IS, ICH, or SAH, as follows. IS: 433 and 434 (ICD-8 and ICD-9) and I63 (ICD-10). ICH: 431 (ICD-9) and I61 (ICD-10). SAH: 430 (ICD-8 and ICD-9) and I60 (ICD-10). In addition, acute cerebrovascular disease-unspecified (436 in ICD-8 and ICD-9 and I64 in ICD-10) increased the number of cases (6.3% of all stroke diagnoses). This category was more commonly used before more stringent reporting requirements were introduced in the 1990s. For the purpose of this study, these unspecified cases were included in the IS group in subsequent analyses. First stroke event was censored by any type of stroke for all stroke analysis (fatal or nonfatal), excluding duplicates. In the analyses of stroke types, the first event was censored by each stroke type, thereby capturing multiple first-stroke events for the same patient and resulting in a somewhat larger sum of events than for all strokes (Figure 1 ). Fatal strokes were defined as patients who were hospitalized for stroke and died from any cause within 28 days. All other cases were classified as nonfatal strokes.
Covariates From the LISA Database
As an easily retrieved factor indicative of socioeconomic background, information on parental education was obtained from the longitudinal integration database for health insurance and labor market studies (in Swedish: Longitudinell integrationsdatabas för sjukförsäkrings-och arbetsmarknadsstudier; LISA) at Statistics Sweden (≈80% coverage), as described previously 14, 15 and given in the online-only Data Supplement.
Statistical Analysis
All statistical calculations were performed with SAS version 8.1 (SAS Institute, NC). The follow-up period began at the date of Epidemiology. 13 The figure shows average years of observation (follow-up time), total person-years of observation (person-years), and total numbers of strokes. Only first-ever strokes of any type were included for the analysis of fatal/nonfatal strokes, but in the analysis of specific stroke types it was possible to have a first stroke of 1 type before that of another type (eg, a first ischemic stroke [IS] before a first intracerebral hemorrhage [ICH]). SAH indicates subarachnoidal hemorrhage.
by guest on July 24, 2017 http://stroke.ahajournals.org/ Downloaded from conscription (baseline) and subjects were censored at time of (1) first stroke event, (2) death from other causes, (3) emigration, or (4) at the end of follow-up (ie, December 31, 2010). This provided a minimum of 5 years and a maximum of 42 years of follow-up.
We used Cox proportional hazards models to assess the influence of fitness and muscle strength at the age of 18 years and potential confounders on the occurrence of first onset of fatal or nonfatal stroke during the observation period. Before 1996, original data (ie, actual scores of tests) were not electronically recorded and only stanine scores were available for assessment in our analyses. Fitness and muscle strength stanines were trichotomized as low (stanine score, 1-3), medium (stanine score, 4-6), and high (stanine score, 7-9); the high group was used as the reference category.
To assess effects of secular variation in rates of strokes and differences in conscription procedures over time, we adjusted for calendar years by stratifying the Cox model by conscription decade (1960s, 1970s, etc). As differences among regions and test centers could introduce bias, conscription test centers were adjusted for. Adjustments for the continuous variables body mass index, systolic and diastolic blood pressure, and education levels for each parent were also included as confounders.
Population-attributable risk (PAR), the association of a specific risk factor with a specific disease as a proportion of all risk factors for that disease, was calculated by the method of Natarajan et al, 18 using the hazard ratios (HRs) from the Cox proportional hazard regression models.
Because of the large number of observations, the P values were small; in all analyses when the 95% confidence interval was separated from 1, the P values were <0.0001. Therefore, P values are not reported and the risk for type I errors is considered low. Variation is presented as confidence interval or in some cases SDs, as indicated. In Table 1 , differences in the tertiles of fitness and muscle strength were assessed with the Student-Newman-Keuls test.
Results
Data on primary exclusions, average observation time, and total number of person-years are found in Figure 1 . From Numbers of any type of first stroke (see Methods). Differences between low, medium, and high assessed by Student-Newman-Keuls test (all parameters P<0.05, not shown). BMI indicates body mass index; DBP, diastolic blood pressure; and SBP, systolic blood pressure.
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July 2015 the included subjects, descriptive information on the distribution of stroke diagnoses among the different conscription variables stratified for low-medium-high fitness and muscle strength is shown in Table 1 . All variables differed significantly in the stratified groups, and we included all the variables that differed by >2% (high versus low) as covariates; these were all the variables except age. Thus, height and weight were included in the concept of body mass index, parental education and blood pressures were included as covariates below. Furthermore, although secular trends in stanine values of fitness and muscle strength were minimal (online-only Data Supplement), decade of testing was included as a covariate. Finally, conscription test center was also included as a covariate. 14, 15 Of note, muscle strength was higher in the high fitness group, and vice versa, albeit with relatively large SD. The Pearson correlation in terms of fitness and muscle strength stanines was r=0.25 (P<0.0001).
All Stroke, Fatal Stroke, and Nonfatal Stroke Incidences as Outcomes
In fully adjusted models, low fitness was associated with an increased risk for future stroke (Table 2 ). There was a doseresponse relation, with the highest HRs for stroke in the low fitness group (HR, 1.70). Although stroke incidence was higher in the low and medium fitness groups, the form of the curve indicated that the increase was relatively uniform across the years (Figure 2 ). The magnitude of associations changed little in models that controlled for decade, body mass index, conscription test center, parental education, and systolic and diastolic blood pressure. The HRs for associations between low fitness and stroke were higher with regard to fatal stroke (HR, 2.52) than with regard to nonfatal stroke (HR, 1.60). In addition, low muscle strength was associated with increased risk of future stroke (HR, 1.39), showing higher HRs for fatal stroke than for nonfatal stroke.
The magnitudes of HR for stroke incidence were somewhat higher for low fitness than for low muscle strength (Table 2) . However, PAR estimates, with some limitations (see Discussion), are a better tool to evaluate the relative magnitudes of different factors. Of note, low and medium fitness were related to 16% of all stroke incidence as compared with 8% for low and medium muscle strength. The same pattern, showing dominance of fitness over muscle strength, was found for fatal and nonfatal strokes. In addition, when muscle strength was added as a covariate in the fitness analysis (Table 2 , model M), the associations decreased only slightly but remained significant. When fitness was added as a covariate in the muscle strength analysis, the associations with stroke incidence decreased, and only low muscle strength remained significantly associated with all stroke and fatal stroke incidence (Table 2 , model F). Table 3 shows age-adjusted and fully adjusted HRs and PAR estimates by stroke type in relation to fitness and muscle strength. Figure 2B to 2D shows type-specific cumulative stroke incidence.
Stroke Types
In fully adjusted models, low fitness was associated with an increased risk for inpatient care for SAH, ICH, and IS, with the greatest HR found for ICH (HR, 2.10; Table 3 ). Exclusion of the unspecified cases in the IS group (6%) changed HR little (range, 0%-6%), with no change in overlap of confidence intervals (not shown). The strength of the associations changed little in the different models of adjustment. The associations remained essentially unchanged when muscle strength was added as a covariate (Table 3 , model M).
Low muscle strength showed weaker associations compared with fitness for SAH, ICH, and IS incidence (fully 
Stroke
adjusted HRs, 1.33-1.62). For SAH incidence, the combined PAR for low and medium fitness was 20%, compared with 5% for low and medium muscle strength. For ICH incidence, the combined PAR for low and medium fitness was 22%, compared with 16% for low and medium muscle strength. For IS incidence, the PAR estimates showed the largest differences between low fitness and low muscle strength (14% and 3%, respectively). When fitness was added as a covariate, the HRs of muscle strength to stroke risk decreased to nonsignificant levels except in the case of ICH (Table 3 , model F).
Discussion
In this large national cohort study, men with low fitness at the age of 18 years had an increased risk of stroke (HR, 1.70). This risk was slightly stronger for fatal (HR, 2.52) than for nonfatal stroke (HR, 1.60) and for subsequent ICH (HR, 2.10) compared with SAH and IS (both HR, 1.60). Low muscle strength was also associated with subsequent stroke (HR, 1.39), including fatal (HR, 2.16) and nonfatal (HR, 1.30) strokes, but with lower magnitude than fitness. The PAR estimates for low and medium fitness were consistently higher than for low and medium muscle strength, regardless of stroke fatality and stroke type, which indicates that fitness is more critical than muscle strength for stroke risk. The greater importance of fitness is further supported by the fact that the HRs for stroke incidence, including for the type-specific strokes, withstood adjustment for muscle strength, whereas estimates for muscle strength became nonsignificant after adjustment for fitness, except for all stroke, fatal stroke, and ICH. Fitness and muscle strength have previously been shown to have no or minor association (r=0.05-0.2). 19, 20 In contrast, we found a moderate association (r=0.25), although it should be noted that our analysis is based on correlating stanines and not raw data. Although muscle strength seems to be associated with measures of combined cardiovascular disease risk independently of aerobic fitness, 11 only high muscle strength showed a protective effect, although a relatively weak one (relative risk reduction, 12%). Compared with the study by Timpka et al, our data show a higher HR of low muscle strength for all stroke incidence (HR, 1.39 and HR, 1.17 after adjustment for fitness). Apart from the fact that our study focuses on stroke rather than coronary heart disease, the different magnitudes of the HRs may partly be because of differences in the selection of reference groups. Importantly, our study shows that although muscle strength is associated with stroke incidence, it is mostly via low fitness, as shown by comparisons of HRs, PAR estimates, and crosswise adjustments (Table 3 , models M and F).
The associations between low fitness and subsequent risk of stroke differed between stroke types. The weaker associations with SAH and IS (both HR, 1.60) and the stronger association with ICH (HR, 2.10) were within the outer ranges of each other's 95% confidence intervals. This indicates that the effects of low fitness on different stroke types differed only modestly. Nevertheless, these differences are indicative of the fact that stroke is a heterogenic disease with different risk factors for different types of stroke. As SAH risk derives largely from arterial wall malformations, such as aneurysms, risk factor associations with fitness could be different than for ICH and IS. Nevertheless, fitness was also independently associated with SAH, and it is known that aneurysm growth and rupture can be provoked by high blood pressure. 21 High blood pressure is a strong risk factor for ICH, but also for other types of IS. 21 As increasing physical activity lowers blood pressure (meta-analysis on middle-aged subjects 22 ), achieving a higher degree of fitness could be efficient in lowering the risk of ICH and IS. In our study of young adults, the blood pressures differed only marginally between the fitness groups (Table 1) , and inclusion of blood pressures in the models of regression changed HRs little (comparing models C and D). However, physical activity also improves metabolic status, as for example, by lowering serum lipids and blood glucose, 22 which may affect stroke incidence. As physical activity and changes in fitness may affect blood pressure to a larger degree in middle-aged subjects, 22 it would have been preferable to have been able to obtain follow-up blood pressures, but these were not available.
It is known that high levels of physical activity are associated with decreased risk of stroke in middle-aged men and women (meta-analysis of 13 and 8 studies, respectively, with partial overlap-generating meta-analysis of 16 original studies 5, 6 ) and that actual fitness levels in a wide age span of chiefly middle-aged subjects are protective against stroke with an odds ratio of 1.5 to 2. 9 What is new in our study is the finding that fitness, independently of muscle strength, already at a young age is associated with stroke risk later in life. Several potential mechanisms exist through which fitness could affect the brain later in life. For example, previous studies have shown that fitness could favor activation of neuroprotective factors and neuroplasticity in the brain, 23 which in turn may contribute to resilience against vascular risk factors. 22 Several of these vascular biomarkers have been found to be increased in the circulation as well as locally in the brain. For example, cardiovascular exercise increases the expression of brain-derived neurotrophic factor and insulinlike growth factor 1, 23 the latter known to negatively associate with blood pressure. 24 The fact that low fitness at the age of 18 years is associated with a HR for all stroke of 1.70, compared with the lower risk reductions of high versus low physical activity in middle-aged subjects, 5, 6 suggests that achieving a good level of fitness in early adulthood may provide an additional degree of protection to that provided by exercise programs begun in middle age.
The strengths of this study are that it was a prospective study with a large national population-based cohort of more than a million individuals, that it used objective measures of fitness and muscle strength, and that it achieved a virtually complete follow-up (5-42 years). About stroke incidence, the Swedish National Hospital Discharge Register and the Cause of Death Register have been shown to have high reliability and few missed cases with regard to ICD-10, 17 which constituted 85% of all stroke cases, but slightly lower quality with regard to the remaining cases retrieved from ICD-9. 16 To our knowledge, there are no validation studies available with regard to ICD-8 and stroke in a Swedish setting, but as ICD-8 is similar to ICD-9, we think this should not affect our results to a large degree.
The study also has some limitations. First, data on fitness are available at baseline only. Even with several sampling points, regression analysis on observational data cannot draw causal conclusions. The associations may be reflective of other behaviors of which we have no record (smoking, future physical activity, etc). With only 1 sampling point, no causal relationships can be proven, rather the HRs suggest the relations that may be most important. Although the use of PARs is advantageous in indicating the magnitude of the risk factor, it nevertheless has the same shortcoming in describing causality. For example, it cannot be presumed that the PAR of 16% for all strokes attributable to low and medium fitness could be alleviated by increasing fitness to the high fitness level. Instead, in our study, the strongest indicator of the relative importance of fitness and muscle strengths is found in the cross-wise inclusion of these factors in the regression models (models F and M). However, even with these models, causality cannot be proven. Nevertheless, the pattern of HRs and PARs suggests where future intervention studies could be undertaken.
Second, the Hospital Discharge Register, although starting in 1970, did not have national coverage until 1987. However, as the absolute majority of cases occurred after 1987, 25 this will not likely have affected results, nor will the potential but probably negligible exclusion of nonhospitalized cases.
Third, the results cannot be directly extrapolated to women, especially as stroke incidence in women occurs later on average. 12 Fourth, a considerable number of subjects were not included because of missing data on fitness (Figure 1) . A more complete record of individuals could have been generated if individuals with estimations of stanines had been included, but we chose not to do this. Even so, our criterion of including measured and excluding estimated data did not select certain types of individuals and so would not greatly affect the associations. Rather, the selection bias affected mostly missing data for certain years (especially 1968-1972, 1978, and 1985) , which would not affect the general associations to a large degree.
Finally, although the study controls for an important socioeconomic factor (parental education), we did not have access to data for either baseline or subsequent smoking, but because only small differences in fitness of 7% have been observed in adolescents who smoke, 26 this factor could not explain more than a small part of the difference in stroke risk that we found. Although genetic and nutritional factors are also important determinants of fitness, it is encouraging that fitness can be improved comparatively easily by exercise, typically by ≈25%.
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Conclusions
Low fitness and muscle strength at the age of 18 years were both independently associated with an increased stroke risk in adulthood, although low fitness showed a stronger association 
Method
Swedish military service conscription register data
During a two-day baseline examination, all conscripts underwent standardized physical examinations at the six different conscription centres in Sweden before being assigned to service in the Swedish armed forces. All conscripts were examined by a physician who diagnosed any medical disorder. Weight, height and blood pressure were measured. Men with incomplete data on fitness and muscle strength were initially excluded (Figure 1) . Subsequently, in the adjusted models with Cox proportional hazards (see below), extreme values (probably due to data errors) were also excluded, resulting in fewer n (Tables 1-2 ). These extreme values were systolic blood pressure above 220 or below 80, diastolic above 150 or 30, and height below 140 cm or above 215 cm.
Fitness test
Cardiovascular fitness was assessed using the cycle ergometric test, as previously described 1, 2 . The procedure, including elements of validity and reliability, has been described in detail previously 3 . Briefly, after a normal resting electrocardiogram (ECG), 5 min of submaximal exercise was performed at work rates of 75-175 W, depending on body weight. Under heart rate registration, the work rate was continuously increased by 25 W/min (with pedal cadence maintained between 60-70 rpm) until exhaustion. The final work level (Wmax) was divided by body weight. This measure was employed because it yielded a better correlation with maximum oxygen consumption (V O2max ) (correlation coefficient ~0.9) than predicted VO 2 max (correlation coefficient ~0.6-0.7) 4, 5 . The resulting values (Wmax/kg) were transformed into stanine (1-9) scores that served as a measure of fitness.
Muscular strength test
Isometric muscle strength was measured by knee extension (weighted 1.3x), elbow flexion (weighted 0.8x), and hand grip (tested with a tensiometer; weighted 1.7x) 3 . These three measures were weighted and integrated into one estimate (kilopond before 1979 or Newton after 1979), and divided into stanines (1) (2) (3) (4) (5) (6) (7) (8) (9) .
Secular trends for fitness and muscle strength
We found some secular trends but believe their effect on our analysis was minor, for the following reasons. Over the different years of conscription, there was an approximately 20% increase in maximum load (from 250 to 300 W) and an approximately 12% increase in body mass (from 66 to 74kg), which actually increased the values (maximum load/kg) by 14%. However, as the limits for fitness were adjusted in 1980, the average stanine scores remained very stable (<1% change). A similar pattern was found for muscle strength, with an approximately 15% increase over the years but with very stable stanine values. Again, the reason for stable stanine values was that they were adjusted for body mass. Additionally, the algorithms of the transition of original data for muscle strength into stanines were somewhat changed in 1979 (kilopond or Newton, see above).
Covariates from the LISA database
Information on parental education was obtained from the longitudinal integration database for health insurance and labour market studies (Swedish acronym LISA). The LISA database (http://www.scb.se/sv_/Hitta-statistik/Publiceringskalender/Visa-detaljeradinformation/?PublObjId=16129) at Statistics Sweden was initiated in 1990 and includes all registered residents aged 16 years and older, with an approximate 80% coverage. The database integrates data from the labour market, as well as educational and socioeconomic factors. Parental education was rated in 7 levels: (1) pre high school education for less than 9 years, (2) pre high school education for 9 years, (3) high school education, (4) college education for less than 2 years, (5) college education for 2 years, (6) college education for more than 2 years, and (7) postgraduate education. These registers have been used in exactly the same way previously 1, 2 .
